D
ELIRIUM, defined as an acute decline of attention and cognitive function, represents a common and potentially devastating problem for hospitalized older persons. With occurrence rates from 14% to 56% and hospital mortality rates from 25% to 33% (1) , delirium often initiates a cascade of events culminating in loss of independence, increased morbidity and mortality, and increased health care costs (2) . We estimate, on the basis of our previous work (1, 3) and extrapolations from Medicare data (4) , that each year delirium complicates hospital stays for at least 20% of the 12.5 million persons aged 65 years and older who are hospitalized each year, with an increased hospital cost of $2,500 per patient attributable to delirium. This accounts for over $6.9 billion (2004 U.S. dollars) in Medicare expenditures for hospitalization attributable to delirium each year. Substantial additional direct health care costs accrue after hospital discharge because of the need for institutionalization, emergency room visits, rehospitalization, physician or clinic visits, rehabilitation services, and formal home health care, estimated at $48,785 per patient attributable to delirium, or over $100 billion per year extrapolated nationally (5) .
Several recent lines of evidence have converged to highlight the interrelationship of delirium and dementia. First, delirium persists much longer than previously believed, with symptoms commonly present for months to years in many studies (6) (7) (8) (9) (10) (11) . The entities of persistent delirium (6) (7) (8) (9) (10) (11) and reversible dementia (12) blur the distinctions between these two conditions. Second, epidemiologic studies have documented long-term cognitive decline following delirium (13) . Third, dementia is the leading risk factor for delirium identified in previous studies (14, 15) . At least two thirds of cases of delirium occur in patients with underlying dementia or cognitive impairment, suggesting that the underlying vulnerability of the brain in dementia predisposes affected patients to the development of delirium when exposed to precipitating factors or insults such as medical illnesses, infections, medications, and medical procedures. Fourth, neuroimaging studies have documented regions of hypoperfusion in patients with delirium, suggesting that delirium may incite a derangement in brain vascular function that may lead to dementia in some cases (16, 17) . Fifth, dementia with Lewy bodies, which shares clinical features with delirium (e.g., visual hallucination, fluctuating symptoms) along with marked cholinergic deficiency, may reflect an overlap syndrome. Finally, previous studies have postulated shared underlying mechanisms, as both delirium and dementia have been shown to be associated with decreased cerebral oxidative metabolism, cholinergic deficiency, and inflammation (18) .
To date, the pathophysiology of delirium remains poorly understood, and its underlying mechanisms are largely unknown. Understanding the pathophysiology of delirium will be critical to advancing the field and to developing optimal preventive and treatment strategies. Key issues are whether and in whom delirium leads to permanent cognitive sequelae and, if so, how does this occur? Clarification of this area may offer the unique opportunity to provide early intervention to prevent permanent neurologic damage, and to mitigate the potential downward spiral to dementia. However, studying the interface of delirium and dementia presents extreme challenges in study design and conduction, as well as in the informed consent process. To begin an exploration of this area, we convened the ''Aging Brain Center Scientific Symposium: The Interface of Delirium and Dementia'' on April 10, 2006. The symposium focused on studies examining the pathophysiology of delirium and the interrelationship of delirium and dementia. From the presentations at this symposium, five articles were developed as a special series for this journal. The goal of this special series of articles is to elucidate the underlying processes that lead to delirium. In addition, we generated hypotheses and new criteria that may help to identify individuals at high risk for adverse outcomes from delirium, such as those persons in whom the instability of cognitive homeostasis may have already exhausted all cognitive reserves. Finally, through this special series, we also hope to initiate a discovery process that will enable us to determine whether delirium itself leads to long-term cognitive sequelae and dementia, to explore whether delirium worsens the cognitive trajectory of an existing dementia, and to probe the pathways leading to these sequelae.
CONCEPTUAL FRAMEWORK: THE INTERRELATIONSHIP OF DELIRIUM AND DEMENTIA
A conceptual framework for examining the interrelationship of delirium and dementia appears in Figure 1 . Given the multifactorial nature of delirium, the ideal strategy will involve interdisciplinary approaches to clarify its pathophysiology and mechanisms. Thus, the framework includes overlapping clinical, basic science, and epidemiologic approaches to elucidate the fundamental pathophysiology of delirium and to provide the means to explore its long-term sequelae. The clinical approaches include determining biomarkers for delirium and applying neuroimaging techniques to the study of delirium and its sequelae. Basic science approaches include genetic and molecular approaches to clarify the underlying mechanisms of delirium. Epidemiologic approaches include prospective cohort studies to examine the risk factors for long-lasting delirium and the cognitive prognosis of delirium, and to clarify the role of cognitive reserve in determining the risk for delirium.
The systematic review by Marcantonio and colleagues (19) in this series suggests that elucidating serum biomarkers may considerably improve our understanding of the pathophysiology of delirium. Risk markers, present before the onset of delirium, can help to identify patients at risk of delirium or those in whom an episode of delirium may have catastrophic consequences. Disease markers, which rise and fall with delirium, are helpful to mark the onset and recovery from delirium, provide important pathophysiologic clues, and determine the effectiveness of intervention strategies. End products usually rise after the onset of delirium, and correlate with the severity of delirium or the extent of underlying damage. Ultimately, biomarkers may prove useful in confirming the diagnosis of delirium, following its time course and severity, and determining its long-term consequences.
The article by Alsop and colleagues (20) in this series reviews neuroimaging methods that may be helpful in the study of delirium. For instance, techniques of blood flow imaging can help to identify and localize early changes associated with delirium and then to follow the resolution, persistence, or evolution of these changes over time. Diffusion tensor imaging or sensitive new volumetric methods might help to identify early pathologic changes soon after a delirium episode. Using direct amyloid imaging, we may start exploring whether amyloid pathology increases the risk for delirium and whether the rate of amyloid deposition increases after delirium episodes. Conducting definitive neuroimaging studies in acutely ill older persons with delirium, however, poses substantial logistical and interpretation challenges, requiring carefully designed and conducted studies with moderate to large sample sizes. Yet, the application of these methodologies will be essential, and holds great promise for advancing our understanding of the pathophysiology of delirium and its sequelae.
In an original study reported in this series, Fong and colleagues (17) were able to obtain Single Photon Emission Computed Tomography (SPECT) scans on 22 delirious patients, including six paired scans during and after the delirium episode. This study represents the largest study of this type in the real-world hospital setting, where most delirium currently occurs, involving patients with multifactorial etiologies of delirium. The major findings of this study were hypoperfusion in the frontal, parietal, and pontine regions. Importantly, this study suggests that SPECT is a useful modality to identify and follow brain changes in delirium over time.
Genetic analysis will help to identify genetic loci associated with increased risk (such as apolipoprotein E [APOE] and others) of delirium and dementia. In addition, gene microarray analysis may help to elucidate which genes and their related products are turned on or off with delirium. To further explore the molecular mechanisms of delirium, Xie and colleagues (21) present data suggesting that the inhalational anesthetic isoflurane induces caspase-3 activation and apoptosis in a dose-dependent fashion, and Congo red-an Ab fibrillar aggregation inhibitor-inhibits isofluraneinduced caspase-3 activation and apoptosis. The finding that anesthesia, an important risk factor for delirium, contributes to well-described mechanisms of Alzheimer's neuropathogenesis provides the first demonstration of a potential pathogenic link between delirium and the more long-term sequelae of dementia.
Cognitive reserve, the resiliency with which an individual can cope with brain injury or stressors, affects the risk of dementia. Although a similar role has been postulated for delirium, the role of cognitive reserve in the risk of delirium has been poorly examined. In this series, Jones and colleagues (22) demonstrated that the risk of delirium was significantly higher among persons with fewer years of education in two large cohorts of hospitalized older persons, suggesting that low educational level may serve as a proxy marker of low cognitive reserve, with increased vulnerability to delirium.
CONCLUSIONS
The study of the pathophysiology of delirium may be substantially advanced by the extensive use of biomarkers, neuroimaging, and molecular approaches to elucidating delirium. Exploring the role of cognitive reserve as a marker for resiliency or low vulnerability to delirium should provide new clues in the direction of the proposed reservedelirium-dementia pathway. Future studies to more fully address the mechanisms of delirium and its long-term sequelae will require larger, more detailed epidemiologic studies. Yet, these studies pose unique challenges in their design and conduct. Examination of the long-term prognosis of delirium and the interrelationship with dementia is best conducted in heterogeneous populations of older persons with a broad range of exposures and outcomes. However, the occurrence of delirium in the general population is relatively rare. Therefore, adequate sample sizes for these studies will be feasible and efficient only if rigorous sampling techniques are applied and appropriate high-risk populations are selected. By contrast, well-matched samples of delirious and nondelirious patients with standardized insults are preferred for elucidating specific underlying mechanisms. These studies are limited by the retrospective nature of information on the risk factor profiles of these patients prior to the event that precipitated the delirium episode. Clearly, advances in this research field require the development of new study designs that include features that minimize biases, improve efficiency, and take into account the effects of competing outcomes. Despite the barriers, meeting the challenges of these future studies will be critical to provide an innovative approach to conceptualizing reversible causes of dementia, which holds great promise for generating novel strategies to forestall or slow cognitive decline in late life.
